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NETWORK SEGMENTATION FOR HOSTING
OF ROAMING PARTNER NETWORKS AND
SERVICES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. Nationalization of PCT Appli-
cation Number PCT/GB2016/052938, filed on Sep 21, 2016,
which claims priority to GB Patent Application No.

1516793.5 filed on Sep 22, 2015, the entireties of which are
incorporated herein by reference.

FIELD OF THE INVENTION

The present mnvention relates to a system and method for
improving networking efliciency and improved functionality
to subscribers roaming on a visited network.

BACKGROUND OF THE INVENTION

When a subscriber roams from their home network onto
a visited network then certain signalling needs to take place
before the roaming subscriber can obtain network services
including voice, SMS and data services. The visited network
can determine that a subscriber 1s roaming from an IMSI
broadcast from their user equipment (UE). The IMSI also
provides the wvisited network with an indication of the
identity of the home network of the subscriber and therefore
determine 1f a roaming agreement exists between the two
networks. The home network 1s notified of the roaming

subscriber by receiving their IMSI from the visited network.
The home network HLS/HSS 1s updated with this informa-

tion and the IMSI 1s also added to the VLR of the visited
network. Communications between the visited network and
the home network take place using various network inter-
connects and these are also used to provide services to the
subscriber.

Network interconnects are expensive to use and may have
limited bandwidth. Such requirements may have large varia-
tions over the year but will need to be provisioned to cope
with the highest expected demand (e.g. during holiday
periods). Furthermore, roaming subscribers usually have
limited services available when roaming than when they are
on their home network (e.g. limited to voice, data and SMS).
Specific home network services (e.g. traflic, weather, bank-
ing, multimedia applications, etc.) provided by IP multime-
dia subsystem, IMS, servers will typically be absent when
roaming. Furthermore, the roaming subscriber will not usu-
ally be able to use similar services available to subscribers
of the visited network.

Accounting data for the services provided by the visited
network to the roaming subscriber also needs to be passed
between the visited and the home network and reconciled.
This may require regular batch file transfers between the
network operators.

FIG. 1 1llustrates schematically a system 10 for providing
services to a UE 50 that 1s roaming. The subscriber using the
UE 50 has a home public land mobile network (HPLMN) 20
and 1s roaming on to a visited public land mobile network
(VPLMN) 30. The HPLMN 20 has a home subscriber server
(HSS) 40 that contaimns a home location register (HLR).
When the UE 50 registers with the VPLMN 30 then the
HPLMN 20 i1s notified of the subscriber. The subscriber
identity 1s recorded in the HLR. Activity and services
provided to the UE 50 are reported to the HPLMN 20.

Roaming trathc from the UE 50 traverses back to the
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HPLMN 20 using a serving gateway 60 on the VPLMN 30
communicating with packet data network (PDN) gateway 70
within the HPLMN 20. The VPLMN 30 records call, SMS
and data volumes supplied to each subscriber whilst roaming
and these are reported to the HPLMN 20.

FIG. 1a shows schematically current roaming procedures
where Local Breakout i1s being implemented. FIG. 2 shows
a further high-level schematic diagram of current certain
aspects of roaming telecommunications systems. In particu-
lar, a call session control function (CSCF) 90 1s shown
within the home network 20. A proxy-CSCF 95 1s shown
within the visited network 30 and 1n communication with the
CSCF 90. Such arrangements limit services provided to
roaming subscribers and have high overheads. Therefore,
there 1s required a method and system that overcomes these
problems.

SUMMARY OF THE INVENTION

Cloud computing techniques allow telecoms network
operators to host and manage 1.T. services and applications
on lower cost common off the shelf (COTS) hardware. For,
example, vertical slices may be created through datacentre
architecture, which may host third party services.

Network functions virtualisation (NFV) 1s under devel-
opment and 1s currently being standardised in E'TSI. This
extends cloud hosting to telecom network functions such as
virtualised 3GPP network elements like EPC and 1ts com-
ponents (S-GW, P-GW, MME), packet switched core and
policy control functions (GGSN, SGSN, PCRF, TDF) and
middle boxes situated after the Gi1 interface (firewalls, con-
tent filters, video optimisers etc.; the so-called GiLAN).

Software defined networking (SDN) 1s also being stan-
dardised in the Open Networking Forum and IETF as well
as other bodies. SDN allows an operator to program and
automate routeing and forwarding paths and create “Service
Chains” for each by separating control of both from switch-
ing infrastructure, which acts on the instructions from the
controller. So far this has only been standardised at the
Network layer (Layer 3) mn the OSI 7 Layer model. A
proposal for Layer 4 to Layer 7 routeing and forwarding 1s
being progressed in the ONF and a prootf of concept for 1t 1s
being worked in ETSI ISG NFV,

Putting cloud computing, NFV and SDN together allows
operators to create virtual slices through their datacentres
and to operate separate, individually scalable, bespoke net-
works from Layer 2 right up to Layer 7 (Application layer).

Network functions virtualisation (NFV) applies I'T virtu-
alisation technologies to network services. For a description
of example NFV environments that may be used see https://
portal.etsi.org/NFV/NFV_White_Paper.pdf (accessed 17
Sep. 2015) and https://portal.etsi.org/
tb.aspx?tb1d=789&SubTB=789,795,796,801,800,798,799,
797,802 (accessed 17 Sep. 2015).

It has been suggested that entire mobile virtual network
operator (MVNO) networks may be implemented within a
NFV environment hosted by another operator and offered as
a Network as a Service offering https://www.
sdxcentral.com/articles/contributed/how-niv-change-
mvno-business-1/2014/06/, http://www.mvnodynamic-
s.com/2014/10/24/meet-phantom-network-nfv/  (accessed
1’7 Sep. 2015). The MVNO may be hosted within a slice of
the hosting operator’s datacentre fabric, for example.

There has never been any suggestion of a visited network
hosting any functions of a home network for use by roaming
subscribers. Furthermore, the procedures and functions
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allowing subscribers to roam continue to be based on a
model 1n which services (usually limited to voice, SMS and
data) are provided by the visited network. In contrast to this
well established model, the present immvention requires an
instance of a roaming partner (1.e. home network) to be
hosted by a hosting network (i1.e. a visited network). The
hosted network functions are provided within an NFV
hosted 1instance of the roaming partner’s network and may
contain any or all of the network functions and services
offered by the home network.

When user equipment (UE) of a subscriber of the home
network roams onto the visited network then services are
provided to the subscriber by the NFV hosted 1nstance of the
roaming partner. In some examples, this process may appear
to the subscriber as a typical roaming experience (1.e. the
visited network 1s displayed as the network provider). In
other examples, the home network may appear as the
network provider even though the physical infrastructure
providing the network services 1s that of the visited network
(1.e. stmilar to a MVNO experience without roaming). In any
case, the subscriber may be provided with any or all of their
additional services (1.e. above calls, SMS and data) that they
enjoy when physically within their home network.

Billing and other administrative functions may also be
hosted within the NFV hosted instance of the roaming
partner so that communications between the home and
visited networks (e.g. over international interconnect points)
can be reduced and simplified. Synchronisation between the
NFV hosted instance of the roaming partner and the physical
roaming partner infrastructure can be implemented using
various techniques (e.g. real-time updates, batch updates or
file-based synchronisation). Even 11 only basic services are
provided then advantages and benefits may arise 1n terms of
signalling simplification and lower usage of interconnects.

According to a first aspect there 1s provided a system for
providing cellular services to a roaming subscriber compris-
ng:

a visited public land mobile network, VPLMN;

at least one processor within the VPLMN; and

memory storing instructions that, when executed by the at
least one processor, cause the system to:

instantiate one or more network functions as software

processes performing data plane packet processing within a
network functions virtualisation, NFV, environment hosted
by the VPLMN and associated with a home public land
mobile network, HPLMN, wherein the network functions
provide the roaming subscriber with network services asso-
ciated with and/or provided by the HPLMN. Therefore,
communications between the visited network and the home
network can be reduced and/or simplified. Furthermore,
more enhanced telecommunications services may be pro-
vided to subscribers when roaming. There may be one
hosted environment providing telecommunications services
for each of one or more home networks. Multiple and
separate NFV environments, each associated with a different
home network or roaming partner may be hosted by the
visited network of the HPLMN.

Optionally, the HPLMN may be provided with an indi-
cation that the subscriber 1s roaming on the VPLMN.

Optionally the instructions may further record the roam-

ing subscriber on a visited location register, VLR, within the
VPLMN.

Preferably, the NFV environment hosted by the VPLMN
may include one or more IP multimedia subsystem, IMS,
servers configured to provide the subscriber with one or
more services. These IMSs may provide additional services
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similar to those available when the subscriber 1s within the
home network but not typically available when roaming.

Preferably, the one or more services may correspond with
services provided by the HPLMN when the subscriber 1s
within the geographical area of the HPLMN.

Advantageously, the NFV environment hosted by the
VPLMN may include a policy and charging rules function,
PCREF, of the HPLMN. This allows the HPLMN policy rules
to be applied to 1ts roaming subscribers, simplifies charging
the home network for services provided by the wvisited
network and can also help to reduce or simplity communi-
cations between the two networks.

Preferably, the PCRF within the VPLMN’s NFV envi-
ronment may be configured to synchronise with a PCRF
within the HPLMN.

Optionally, the NFV environment may include a packet
data network, PDN.

In accordance with a second aspect there 1s provided a
method for providing cellular services to a roaming sub-
scriber outside of a home public land mobile network,
HPLMN, from a wisited public land mobile network,
VPLMN, the method comprising the steps of:

instantiating one or more network functions as software

processes performing data plane packet processing
within a network functions virtualisation, NFV, envi-
ronment hosted by the VPLMN and associated with the
HPLMN, wherein the network functions provide the
roaming subscriber with network services associated
with the HPLMN; and optionally providing the home
network with an indication that the subscriber 1s roam-
ing on the visited network.

Preferably, the method may further comprise the step of
recording a subscriber of a home network on a wvisited
location register (VLR) within the VPLMN. A home loca-
tion register (HLLR) may also be updated within the HPLMN.

Preferably, the provided home network services are pro-
vided by a packet data network, PDN, via a PDN gateway
within the NFV environment hosted by the VPLMN. This
turther reduces traflic over the international interconnect as
such a PDN 1s usually located within the HPLMN.

Preferably, the method may further comprise the step of
the VPLMN providing the HPLMN with an indication of the
usage ol network services provided to the roaming sub-
scriber. This can be achieved by various methods, either
batched (e.g. during quite or low traflic times) or in real time.

Optionally, the indication of the network services or
application of home network policy rules 1s provided to the
roaming subscriber by a policy and charging rules function,
PCREF, within the NFV environment. Therefore, home net-
work policies for services are provided by the PCRF within
the same area of the visited network’s NFV environment.

Optionally, the indication of the usage of network services
provided to the roaming subscriber may be sent to the
HPLMN as either:

online charging records and call detail records, CDR; or

as a GSMA TAP3 file. Other formats may be used. The
records or files may be sent at intervals or when other criteria
are reached. Preferably, the records or files are sent during
quiet periods or at times of low tratlic. The indication of the
network services may be accounting data indicating usage.

Optionally, the NFV environment may host one or more
network functions or services selected from the group com-
prising: subscription profile repository, SPR; online charg-
ing system, OCS; and offline charging system, OFCS. Other
network functions or services may be hosted.

Optionally, the method may further comprise synchronis-
ing any one or more of the SPR, OCS, and/or OFCS within
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the NFV environment (hosted by the VPLMN) with a
corresponding network function or service within the sub-
scriber’s HPLMN. Synchronisation traflic may be in either
or both directions.

Preferably, the network function virtualisation, NFV,
environment 1s one of a plurality of network slices operating
on the same infrastructure. Therefore, more than one roam-
ing partner may take advantage of these enhanced services.
Multiple roaming agreements may exist and so a network
may host many virtual instances of diflerent visited net-
works.

Optionally, the method may further comprise the step of
adding or removing resources to or from the NFV environ-
ment as subscriber demand for their home network services
rises or falls. This provides improved scalability.

The methods described above may be implemented as a
computer program comprising program instructions to oper-
ate a computer. The computer program may be stored on a
computer-readable medium.

The computer system may include a processor such as a
central processing unit (CPU). The processor may execute
logic 1in the form of a software program. The computer
system may include a memory including volatile and non-
volatile storage medium. A computer-readable medium may
be included to store the logic or program instructions. The
different parts of the system may be connected using a
network (e.g. wireless networks and wired networks). The
computer system may include one or more interfaces. The
computer system may contain a suitable operating system
such as UNIX, Windows® or Linux, for example.

It should be noted that any feature described above may
be used with any particular aspect or embodiment of the
invention.

BRIEF DESCRIPTION OF THE FIGURES

The present mvention may be put into practice i a
number of ways and embodiments will now be described by
way of example only and with reference to the accompany-
ing drawings, in which:

FIG. 1 shows a schematic diagram of an existing tele-
communications system used when a subscriber roams;

FIG. 1a shows a schematic diagram of a further existing
telecommunications system used when a subscriber roams;

FIG. 2 shows a schematic diagram of a further aspect of
the existing telecommunications system of FIG. 1;

FIG. 3 shows a schematic diagram of a new telecommu-
nications system used when a subscriber roams;

FIG. 3a shows a further schematic diagram of the new
telecommunications system of FIG. 3;

FIG. 4 shows a schematic diagram of some aspect of the
architecture of the new telecommunications system of FIG.
3;

FIG. § shows a schematic diagram of policy and charging
rules functionality within existing telecommunications sys-
tems when a subscriber roams;

FIG. 6 shows a schematic diagram of policy and charging
rules functionality of existing telecommunications systems
when a subscriber roams;

FIG. 7 shows a schematic diagram of further aspects of
the telecommunications system of FIG. 3;

FIG. 8 shows policy and charging rules functionality of
the new telecommunications system of FIG. 3; and

FIG. 9 shows further aspects of the policy and charging
rules functionality of FIG. 8.
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It should be noted that the figures are illustrated for
simplicity and are not necessarilly drawn to scale. Like
features are provided with the same reference numerals.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1

Cloud computing techniques allow telecoms network
operators to host and manage 1.T. services and applications
on lower cost common off the shelf (COTS) hardware. For,
example, vertical slices may be created through datacentre
architecture, which may host third party services.

Network functions virtualisation (NFV) 1s under devel-
opment and 1s currently being standardised in E'TSI. This
extends cloud hosting to telecom network functions such as
virtualised 3GPP network elements like EPC and 1ts com-
ponents (S-GW, P-GW, MME), packet switched core and
policy control functions (GGSN, SGSN, PCRF, TDF) and
middle boxes situated after the Gi interface (firewalls, con-
tent filters, video optimisers etc.; the so-called GiLAN).

Software defined networking (SDN) 1s also being stan-
dardised 1n the Open Networking Forum and IETF as well
as other bodies. SDN allows an operator to program and
automate routeing and forwarding paths and create “Service
Chains” for each by separating control of both from switch-
ing infrastructure, which acts on the instructions from the
controller. So far this has only been standardised at the
Network layer (Layer 3) imn the OSI 7 Layer model. A
proposal for Layer 4 to Layer 7 routeing and forwarding 1s
being progressed 1n the ONF and a proot of concept for 1t 1s
being worked 1 E'TSI ISG NFV,

Putting cloud computing, NFV and SDN together allows
operators to create virtual slices through their datacentres
and to operate separate, individually scalable, bespoke net-
works from Layer 2 right up to Layer 7 (Application layer).
It has been proposed to host mobile virtual network operator
(MVNOs) 1n this way, for example. However, 1n the current
disclosure, 1instead of using these techmiques to host
MVNGOs, 1t has been realised that advantages may also be
achieved 1f the virtual slices through the network architec-
ture are used to host instances ol one or more roaming
partners’ networks.

FIG. 3 illustrates schematically and at a high level a
system 100 for providing user equipment (UE) 50 of a
subscriber with telecommunications services when roaming
onto a visited network 30. The home network or home public
land mobile network (HPLMN) 20 does not require any
changes (but these may be 1included, nevertheless) and can
be informed that the subscriber 1s roaming by the visited
network 30 1n the usual way. A network functions virtuali-
sation (NFV) environment 110 1s hosted by the visited
network 30. Control functionality 120 within the visited
network 30 maintains and momtors the NVF 110 and
provides updates to the home network 20 so that entries can
be 1n the home location register (HLR) within the home
subscriber server (HSS) 160 of the home network 20.

The NFV 110 associated with the home network
(HPLMN1) contains many or all of the functions and data
available from within the home network 20 to the subscriber.
In order to keep these data and functionality aligned, then
they may be synchronised at intervals or in real time. In the
example shown 1 FIG. 3, these data are illustrated by
database 130 within the NFV 110 and database 140 within
the home network 20. Synchronisation 1s indicated by
dashed arrow 1350 between these two databases. Further-
more, corresponding IP multimedia subsystems (IMS) 170

and 180 exist within the NFV 110 and home network 20,
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respectively. The IMS system 170 within the NFV environ-
ment 110 provides specific services to the subscriber of the
UE 50 when roaming. When the UE 50 of the subscriber 1s
within the home network, then IMS 180 provides substan-
tially similar or identical services to the subscriber (e.g.
functionality and/or the home language).

The invention describes virtual Layer 2 to Layer 7 slices
through a hosting telecom operator’s datacentre or other
hosting environment, upon which a portion of a roaming
partner’s services, which have been agreed between the
hosting and hosted operators, are hosted. This portion can be
separately managed by the hosting operator as a specific and
dedicated slice of their network infrastructure. Network
management or other analytics information may be gathered
on a per slice basis, recording actual hardware usage and
soltware network and service application usage, thereby
simplifying network capacity planning and SLA reporting.
In accordance with concepts of Cloud Computing and
Network Function Virtualisation, the size of these slices may
be scaled according to demand from inbound roamers
belonging to each specific roaming partner.

The mmbound roamers may then be able to receive their
home network services from the hosting network operator in
the visited country as 1f they were attached to their home
network in their home country. This may depend on the
particular level of services supported by the reciprocal
roaming/hosting agreements between the hosting operator
and 1ts roaming partner network operator. Charging infor-
mation may be collected by the hosting operator and either
rated by the hosting operator via virtualised charging appli-
cations using home operator tarifls applied by the hosting
operator. Alternatively, aggregated usage imnformation may
be transierred between the operators via GSMA TAP3 (or
other) files as with current arrangements.

The volume of control plane signalling and user/data
plane service trailic passing across roaming interfaces may
be reduced. Almost all control plane and user/data plane
traflic may originate from the hosting (visited) operator’s
network slice and radio interface(s). Authentication and
terminal location trathic from the VLR 1n the hosting (vis-
ited) network to and from the HLR/HSS in the home
network may be conducted 1n real-time but otherwise such
requirements may be reduced. Benefits to the subscriber
include improved user experience due to applications being
hosted locally, access to a larger range of home network
services substantially or identically as done when not roam-
ing, the opportunity for reduced roaming charges, and pro-
vision ol services in their native language. Benefits to the
operator 1nclude reduced interconnect costs (and required
capacity), tallored iter-operator billing per roaming partner,
and more accurate capacity planning for each roaming
partner’s inbound roaming subscriber demand.

FIG. 3a illustrates schematically example architecture
300 to implement and manage this functionality. Subscrib-
ers’ home network serving CSCF and service platforms are
hosted 1n the visited network as virtual network functions in
a network slice on the visited network’s inirastructure/
hardware. A telco cloud service orchestrator (TCSO) 310
and cloud management system (CMS) 320 may provide
overall management of the system. A software defined
networking (SDN) controller 330 manages and scales 1ndi-
vidual data switches 330, 340, which 1n turn communicate
with each other and particular physical components 3350
(racks, servers 360, databases, communication interfaces
355, etc.) within one or more datacentres. The NFVs 110
associated with each roaming partner are instantiated within
or across the datacentre components 3350.
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FIG. 4 shows a schematic diagram of further example
aspects of the architecture 300 implemented within the
visited network 30. Subscribers’ home network policy and
charging rules function (PCRF) 210, IP service platform(s)
270 and/or PDN are hosted in the visited network 30 as
virtual network functions in a network slice on the visited
network’s infrastructure/hardware.

FIG. 5 shows how current PCRF 1s implemented when a
subscriber roams. In particular, FIG. 5 shows when PCRF
components are allocated between a home network and a
visited network. FIG. 6 shows how current PCRF 1s imple-
mented when a subscriber roams when Local Breakout 1s
implemented 1in current systems. It 1s clear from FIGS. 5§ and
6 that significant communication volumes are required
between the home and visited networks and that these
volumes are handled by international interconnects.

FIG. 7 shows a schematic diagram further 1llustrating the
architecture 400 of an example implementation. In particu-
lar, FI1G. 7 1llustrates which network functions are hosted by
the visited network 30 within a NFV 110. The HSS 160 hold
the HLR within the home network 20. This may be updated
with the subscribers” detail 1n the usual way. As previously
mentioned, the PCRF 210 1s hosted within the NFV 110 as
are other hosted operator IP services (so that the subscriber
may enjoy their home network IP services when roaming).
The hosted (home) network has 1ts own packet data network
(PDN) 455 within the network slice on the visited network
30. APDN gateway 470 1s 1n communication with the PDN
4355 and the PCRF 210 and interfaces with a serving gateway
460 to provide services to the UE 50 and to account for these

provided services.

Subscribers’ home network PCRF, TDFE, BBERF, SPR,
AFs, PCEF Charging Gateway, OCS and OFC-S are hosted
in the visited network 30 (VPLMN) as virtual network
functions 1n a network slice on the VPLMNs 1nfrastructure/
hardware. An example arrangement of this IMS roaming
architecture 1s shown i FIG. 8.

Therefore, the concepts of home routed or local breakout
tratlic models are replaced by hosting the subscriber’s home
network services on the visited network’s infrastructure.

The entire Policy Control and Charging architecture,
including online and ofiline charging (CDR) systems may
also be hosted 1n the visited network as virtual network
functions. Charging reconciliation between the operators
may be done by exchange of online charging records and
CDRs directly between the home and visited network opera-
tors or by the wvisited network operator converting the
records to GSMA TAP3 files for interoperator billing. These
may be sent to the home network operator instead (as
happens today).

Further synchronisation between the hosted virtual func-
tions, reporting services and accounting tasks (e.g. PCRF)
associated with each roaming partner and the home net-
works of each roaming partner may be required. This may be
achieved using several different mechanisms. FIG. 9 1llus-
trates an example architecture developed to achieve this.

The synch interfaces are not necessarily Layer 2 3GPP
interfaces like the rest of the interfaces in the remaining
diagrams, but may be achieved within higher layers (at
application/web services level so hitp/SOAP or taking file
transiers via itp, for example). In each case there may be
lookup data in databases that need to be synchronised with
the master copies 1n the HPLMN 20. For SPR data, this may
be subscription data about services subscribed to (e.g. QoS
profiles etc.). For OCS this may be quota information/bundle
data and subscribed tarifls. For OFCS these data may be

taritls to be applied to accounting data. When these are
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located 1 the VPLMN 30 then the two operators may need
to agree to keep their mutual data 1n each other’s network up
to date. A typical mechanism could be to share APIs to each
other’s functions so that the HPLMN 20 may update all
remote copies 1n the VPLMN 30 when they make the
updates to their master copies 1n the HPLMN 20. Alterna-
tively, the files may be transierred to the VPLMN 30 by {tp
file transfer for the VPLMN to update manually.

A complication may occur when the update takes place
whilst one or more subscribers are 1n an active session. To
avold or minimise complexity then the updates may be
scheduled for quieter hours (e.g. around 3-4 a.m.) 1n order to
lessen the 1mpact of that effect. Therefore, the HPLMN 30
may need to schedule for the same period (e.g. 3-4 am.)
VPLMN time.

An alternative could be for the VPLMN 20 to signal to the
HPLMN 30 at session start to check for any updates to the
SPR/OCS/OFCS databases (or others) and to pull the rel-
evant iformation nto the VPLMN copies. This could be

done via a VLR query to the HLR/HSS (it typically queries
the HLR/HSS 1n the HPLMN at session setup, to update the
HILLR/HSSs location record for the UE 50). The HLR/HSS
copy of the subscription record for the subscriber should
have tariff and bundle information but not necessarily a
quota. Therefore the HLR/HSS 1n the HPLMN 20 may be
checked for subscription and/or charging updates since the
last time a UE 50 query came to it and to imtiate transier of
the updated file(s) to the VPLMN(s) 20. However, this
increases signalling and 1s therefore a less preferred solution.

As will be appreciated by the skilled person, details of the
above embodiment may be varied without departing from
the scope ol the present invention, as defined by the
appended claims.

For example, a plurality of hosted virtual networks may
be imstantiated where each instance 1s associated with a
different roaming partner. Processing and data resources
available to each instance may be allocated or wvaried
dynamically according to demand or set according to pre-
defined parameters. Furthermore, each separate instance
may be started or stopped as required to make more optimal
use of the overall infrastructure. There may also be a mixture
of roaming and MVNO instances. In a further example there
may be roaming virtual network hosted instance as well as
a MNVO hosted instance for the same partner. Furthermore,
cach network may have separate hosted environments within
more than one overseas network operator. In some arrange-
ments, both partners may act as a host and a hosted virtual
network (1.e. a reciprocal arrangement).

Many combinations, modifications, or alterations to the
teatures of the above embodiments will be readily apparent
to the skilled person and are intended to form part of the
invention. Any of the features described specifically relating
to one embodiment or example may be used in any other
embodiment by making the appropriate changes.

The 1nvention claimed 1s:
1. A system for providing cellular services to a roaming
subscriber comprising:

a visited public land mobile network (VPLMN);

at least one processor within the VPLMN; and

memory storing instructions that, when executed by the at
least one processor, cause the system to:

instantiate one or more network functions as processes
performing data plane packet processing within a net-

work {functions virtualization (NFV) environment
hosted by the VPLMN and associated with a home

public land mobile network (HPLMN) wherein the
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network functions provide the roaming subscriber with
network services associated with the HPLMN,

wherein the NFV environment hosted by the VPLMN
includes a policy and charging rules tunction (PCRF)
of the HPLMN, and

wherein the PCRF within the NFV environment 1s con-

figured to synchronize with a PCRF within the
HPLMN.

2. The system of claim 1, wherein the 1nstructions further
cause the at least one processor to record the roaming
subscriber on a visited location register (VLR) within the
VPLMN.

3. The system of claim 1, wherein the NFV environment
hosted by the VPLMN i1ncludes one or more IP multimedia
subsystem (IMS) server configured to provide the subscriber
with one or more services.

4. The system of claim 3, wheremn the one or more
services correspond with services provided by the HPLMN
when the subscriber 1s within the geographical area of the
HPLMN.

5. The system of claim 1, wherein the NFV environment
includes a packet data network (PDN).

6. A method for providing cellular services to a roaming
subscriber outside of a home public land mobile network
(HPLMN) from a wvisited public land mobile network
(VPLMN) the method comprising the steps of:

instantiating one or more network functions as processes

performing data plane packet processing within a net-
work 1functions virtualization (NFV) environment
hosted by the VPLMN and associated with the
HPLMN, wherein the network functions provide the
roaming subscriber with network services associated
with the HPLMN, and wherein the NFV environment
hosts one or more network functions selected from the
group comprising: subscription profile repository

(SPR); online charging system (OCS), and oflline

charging system (OFCS), and
synchronizing any one or more of the SPR, OCS, and/or

OFCS within the NFV environment with a correspond-

ing network function within the HPLMN.

7. The method of claim 6 further comprising the step of
recording a subscriber of a home network on a wvisited
location register (VLR) within the VPLMN.

8. The method of claim 6, wherein the provided home
network services are provided by a packet data network
within the NFV environment.

9. The method of claim 6 further comprising the step of
the VPLMN providing the HPLMN with an indication of the
usage of network services provided to the roaming sub-
scriber.

10. The method of claim 9, wherein the indication of the
network services or application of home network policy
rules 1s provided to the roaming subscriber by a policy and
charging rules function (PCRF) within the VPLMN’s NFV
environment.

11. The method of claim 9, wherein the 1ndication of the
usage ol network services provided to the roaming sub-
scriber 1s sent to the HPLMN as either:

online charging records and call detail records (CDR); or

as a GSMA TAP3 tile.

12. The method of claim 6, wherein the NFV environment
1s one of a plurality of network slices operating on the same
infrastructure.

13. The method of claim 6, further comprising the step of
adding or removing resources to the NFV environment as
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turther or fewer roaming subscribers are provided with
home network services, respectively.
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